Background American cutaneous leishmaniasis (ACL) is endemic in French Guiana. Its epidemiology is evolving, notably because of immigration, anthropization of natural areas, and new microbiological methods. Our first objective was to update epidemiological data. Our second objective was to look for risk factors of ACL.
Introduction
American cutaneous leishmaniasis (ACL) is endemic in many tropical countries around the world. 1, 2 This neglected tropical disease involves a great range of species, hosts, and vectors across the continents. In the Americas, the World Health Organization (WHO) considers it as a major public health disease. 3 Mucocutaneous forms are characterized by an important severity, as they cause long-lasting and debilitating injuries. 4, 5 In French Guiana, five species have been incriminated, the two most frequent being Leishmania (Vianna) guyanensis and Leishmania (Vianna) braziliensis. However, a possible shift toward a greater prevalence of Leishmania braziliensis has been reported in previous studies 6 and needs to be followed up.
New species such as Leishmania lainsoni and Leishmania naiffi have been sporadically reported, [6] [7] [8] [9] [10] [11] but the clinical data of these patients were not thoroughly studied. Epidemiological data are frequently updated with new techniques of species identification. Simon et al produced the last study on this subject in 2017, 6 French Guiana is divided into two different ecological regions.
The hinterland is covered by primary rain forest, with few human settlements, mostly illegal gold mines. The coastal region covers the north of the territory and is more anthropized. 8, 11, 12 It has been suggested in previous studies that contamination occurred during professional activities in the hinterland and during leisure activities on the coast. 11 These data deserve update and confirmation. Several studies have looked for risk factors of ACL in the world [12] [13] [14] and in South America, [15] [16] [17] [18] [19] incriminating factors linked to agriculture, water sources, or animals closed to human settlements. However, such a work has never been conducted in French Guiana.
Therefore, our first objective was to update clinical and epidemiological data concerning ACL in French Guiana. Our second objective was to look for geographic and behavioral risk factors of the infection.
Materials and methods
This study was conducted in 10 health centers for remote areas and in the General Hospital of Cayenne from October 2017 to June 2018, as this period corresponds to the wet season during which most cases of ACL occur. 8, 10, 20 Information files with epidemiological and clinical data were filled in by nurses or physicians for each suspected case of ACL. Patients were included when one of the following tests was positive: smear, culture from skin biopsy, PCR-RFLP from skin biopsy. 6 Species isolation was made by MALDI-TOF from positive cultures or by PCR-RFLP from skin biopsy. PCR-RFLP was performed using the technique first described by Simon et al 7 in 2009, using a 615-bp fragment of the RNA polymerase II gene. Since then, this technique has become the reference method for species identification in French Guiana. 6 Mass spectrometry was performed on positive parasite cultures as previously reported. 21 The study was performed according to the Declaration of 
Results
During the study period, samples were collected among 168 patients with clinical suspicion of cutaneous leishmaniasis. One hundred and twenty-three patients (73.2%) had positive samples (38 women and 85 men, sex ratio 2.18) and constituted the study population. Concerning the country of birth, the most important group was formed by Brazilian patients (73, 59.3%), followed by patients born in French Guiana (35, 28 .5%), mainland France (11, 8 .9%), Laos (2, 1.6%), and Haiti (2, 1.6%).
Mean time to diagnosis was 2 months; most patients (80%)
were diagnosed within a month. Mean time to diagnosis was significantly longer (P = 0.01) for patients infected in the hinterland (2.3 months) than for patients infected on the coast (1.6 months). HIV serology was positive for two patients.
Sociodemographic and clinical characteristics of patients are detailed in Table 1 .
Leishmania guyanensis was the most frequent species involved (98, 80%), followed by L. braziliensis (7, 6%), L. naiffi Five patients had disseminated leishmaniasis, four of them caused by Leishmania guyanensis. In the last case, the species could not be determined. Concerning the incidence of each species of Leishmania, our results confirm a trend which was observed in previous studies: a predominance of L. guyanensis but a significant presence of L. braziliensis (6%). Though L. amazonensis 6, 7, 9, 11, [30] [31] [32] was once the second most frequent species in French Guiana, we recorded only one case of this species. It has been incriminated in visceral and diffuse cutaneous forms and is known to be resistant to pentamidine. 33, 34 Therefore, a close surveillance of its presence and epidemiology in French Guiana must be continued. Two cases of L. naiffi were reported. This species is still relatively unknown, and only a few cases have been described thus far. 35 The first reports described a benign clinical course and a good response to pentamidine. 35, 36 However, recent reports suggested that L. naiffi could be the causative agent of more severe infections. 37 Our cases seem to confirm the first reports of L. naiffi and indicate a benign, pentamidine-sensitive disease. One explanation is that several strains of L. naiffi, with different clinical features, might be present throughout South
America. Another hypothesis is that L. naiffi was unproperly identified in previous studies. L. braziliensis has been linked to small outbreaks in French Guiana and other countries of South America. 11, 15, 27, 38 After an outbreak occurring in Saul in 2015, the emergence of L. braziliensis in French Guiana was given two possible explanations: a greater presence of humans in deep forest areas where transmission of L. braziliensis usually occurs, or the development of a peridomestic cycle with specific reservoirs and vectors. 38 Our results support the first hypothesis, as most patients infected with L. braziliensis seemed to be contaminated away from their homes, in less anthropized areas. Indeed, all seven cases of L. braziliensis occurred during occupational activities such as gold mining or soldiering, a trend already suggested in reports of L. braziliensis in soldiers. 27 We recorded no outbreak among our patients, and transmission of L. braziliensis seemed to remain stable during the rainy season.
Concerning the genetic variability of L. guyanensis, Rotureau et al 11 determined two genotypes within this species, distributed in the coastal region (Genotype 1) and the hinterland (Genotype 2). The latter was linked to chronic diseases and disseminated presentations. Our data seem to confirm this trend, as time to diagnosis (2.1 months) and number of lesions (3.4) were higher for patients infected in the hinterland. However, patients living on the coastal region benefit from a better access to healthcare, which might explain the shorter duration of disease.
In this study, people living in carbet (traditional, wooden, wallless shelter) represented 51% of cases of ACL, though this type of housing represents only 20% of homes in French Guiana. 39 Quality of housing has been incriminated as a risk factor for several species of ACL in South America. 16, 17, 19, 40 In Brazil,
Membrive et al 16 showed that ACL was significantly associated with the absence of ceiling below the roof of the residence, as in Amerindian carbet. However, some authors argued that the vicinity of the forest, more than the building style, was to be incriminated in this kind of houses, which are mostly found in secondary forest areas. 17 
